We study a relativistic bounded plasma consisting of hot ions and electrons with density gradient and variable streaming. It is observed that the nonlinear wave generated inside is governed by a variable coefficient KdV equation, which we analyse numerically. Furthermore, the solitary wave is scattered at the discontinuity due to inhomogeneity, and the characteristics of the left and right moving wave become different. Such scattering usually takes place in the solar wind, interplanetary shocks, and in the environment of a comet where, as the relativistic effect gives rise to streaming, the non-uniformity of the plasma leads to a density variation. By evaluating a suitable form lof such variations we compute the amplitude, velocity and width of the soliton before and after the scattering. The amplitude of the reflected wave is seen to decrease as in previous observations.
Introduction
The properties of nonlinear waves generated in a plasma hold a central place in theoretical plasma research. Of late the importance of relativisitic effects has been realised, since they are solely responsible for the phenomenon of mass variation and streaming (Nejoh 1987; Roy Chowdhury et ale 1988; Mukhopadhyay et ale 1992; Das and Paul 1985) . These two physical phenomena have an important influence on various aspects of nonlinear waves. Experiments in plasma are usually performed in a very small volume so that the effects of the finite boundary should be taken into account. Already some results are available regarding the influence of such boundaries (Das and Ghosh 1988; Mukhopadhyay et ale 1992) . Another important aspect of a real plasma is that its density seldom remains uniform. The effect of a density gradient has been considered in a few cases by Buti (1991) and Nishikawa and Kau (1975) . An important consequence of the density gradient is that the solitary wave is scattered in such a region. It is important to note that scattering of solitons in plasma has been observed by Dahiya et ale (1978) and reflection of an ion-acoustic soliton from a negatively biased grid has been studied by Papa and Oertl (1983) . Kuehl (1983) investigated theoretically the reflection of the ion-acoustic solition and showed that the amplitude of the reflected wave is much smaller than that of the incident. Recent experimental findings on the scattering of solitons by Nishida (1984) support this observation.
0004-9506/95/040697$05.00
In theoretical analysis so far the effects of the finite boundary (which is essential for any experimental observation) and relativity have been neglected. Here in this paper we study the scattering of solitons in a relativistic bounded plasma, consisting of hot ions and electrons, by treating the soliton on the left and right sides of the impurity separately. Due to the inhomogeneity and relativistic mass variation, the streaming velocity turns out to be variable and becomes a function of distance. Our paper is organised as follows. In the first section we deduce the variable coefficient KdV equation by the reductive perturbation technique, modified due to the density gradient and presence of the finite boundary (Mukhopadhyay et ale 1994). Next we discuss the technique to solve such an equation to obtain the solitary wave solution explicitly and then discuss how the amplitude and velocity depend on the variable streaming velocity, relativisitic mass variation, and the radius of the boundary. A modified form of scaled variable is introduced to describe the scattering of the solitary waves from the inhomogeniety.
Formulation
Let us consider a one-dimensional collisionless relativistic weakly inhomogeneous plasma having a spatial gradient in the ion density. The electrons are assumed to be isothermal because of their large thermal conductivity. The electron temperature is assumed to be much greater than the ion temperature which is assumed to be constant. As a consequence, the effect of Landau damping becomes small. In the absence of solitons the plasma is considered to be in a time independent steady state, which arises as a result of the loss of ions and electrons in the walls of the boundary and their production due to ionisation. The frequency of ionisation is small and therefore the condition of quasi-neutrality is a good approximation over a region extending from the plasma centre to the transionic layer. In the present analysis we assume that the scale length of plasma inhomogeneity is large compared with the soliton width. Under this assumption the soliton retains its shape and its amplitude, width and speed are functions of position. Neglecting transport properties such as heat conduction and viscosity and assuming a Boltzmann distribution for the electrons, we can write the one-dimensional ion continuity and momentum equations, the equation of state, the electron Boltzmann distribution and Poisson's equation in the following form (Mukherjee and Roy Chowdhury 1994 
Reductive Perturbation Analysis
In order to obtain the nonlinear partial differential equation governing the propagation of the right and left moring waves we carry out a reductive pertubation analysis of equations (la)-(le).
(3a) Right Moving Wave
The set of stretched coordinates for a right moving wave (positive x direction) in a spatially inhomogeneous plasma is
AO(X)
Such a modified version of the stretching of the coordinates was initially suggested by Asano (1974) and later used by Nisikawa and Kaw (1975) . It may be observed that when A(X) is constant this become identical to the usual stretched coordinates used in plasmas. The functional dependence of A is used to take care of the inhomogeneity of the plasma. The physical quantities describing the plasma such as (n, v, ¢, p) all are expanded as follows (Tagare 1974):
where W stands for n, v, ¢ or p, and the subscript zero indicates the unperturbed quantity which is a slowly varying function of the position coordinate x.
Substituting (2) and (3) in (1) 
Also from terms of first order in €, we get
Integrating these equations with the boundary conditions gives (6)
Since the plasma is assumed to be confined to a region bounded by the planes z = 0 and z = b, which we assume to be perfectly conducting, we should impose the condition that ¢ = 0 on the z = 0 and z = b planes. Such a procedure was also followed by Das and Ghosh (1988) . The condition is satisfied by
We also get 701 (8)
Using these results in equations (6) and (8) we at once obtain
where n 2
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Proceeding now to second order terms in E 2, after using the results in equations (10) and (11) we get
where the coefficients occurring in the above equation are defined as follows:
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with boundary conditions
Without going into details of the computation for terms of higher order in € (which is similar to the previous case but differs in detail only), we give the final results:
Taking into account terms of higher order in €, we can again obtain another KdV equation which can be written as 
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Analysis and Inferences
Since the equations governing the motion of our solitary waves have variable coefficients, numerical methods are to be adopted for the integration of the sets (18) and (25). To do this information is needed about the zeroth order terms such as vo, Po and no, which are governed by equation (5). We observe that a possible set of solution is obtained as follows. We set no = 1+1] so that as 1]~0, then no~1, the equilibrium value. With this information we can now solve (5) and obtain k 1 . Vo=-, no
Vo where k 1 and k 2 are certain constants. For carrying out the numerical integration of equations (18) and (25) (18) In each figure we show the cases of left and right moving waves separately. An important role is seen to be played by the dimension of the bounding surface. In a previous analysis (Mukhopadhyay et all 1994) we showed that b has an important influence on the formation of solitons in plasma. So here we have 1.00 feature that emerges out of the above analysis is that due to the imhomogeniety the soliton is scattered and its behaviour changes completely. Though still not feasible, it may in the future become possible to measure the changes in the nature of the soliton by scattering in a relativistic plasma. Then, many physical characteristics of a plasma might be determined by using soliton scattering such as has been discussed here. One may note that even in the presence of relativistic effects and a finite boundary, the basic observation of Mukhopadhyay et at. (1994) still holds; that is, the amplitude of the reflected soliton is less than that of the incident one.
Only the magnitudes vary due to the variations in size of the boundary. Another important feature of our analysis is that the variation of the ion temperature is automatically taken care of due to the dependence of Po on ' fJ and it is not at all a parametric feature. . 2e
